Abstract In recent years, there has been an increase in poisoning-related emergency department (ED) visits. This study examines trends in ED resource utilization for poisoning-related visits over time. A retrospective review of data from the National Hospital Ambulatory Medical Care Survey, 2003-2011, was conducted. All ED visits with a reason for visit or ICD-9 code related to poisoning were included. We examined the number of ED visits and resources used including diagnostic studies and procedures performed, medications provided, admission rates, and length of stay. The proportion of visits involving resource use was tabulated and trends analyzed using survey-weighted logistic regression, grouping into 2-year periods to ensure adequate sample size. Of an estimated 843 million ED visits between 2003 and 2011, 8 million (0.9 %) were related to poisoning. Visits increased from 1.8 million (0.8 %) visits in [2003][2004] to 2.9 million (1.1 %) visits in 2010-2011, p = 0.001. Use of laboratory studies, EKGs, plain radiographs, and procedures remained stable across the study period. CT use was more than doubled, increasing from 5.2 to 13.7 % of visits, p = 0.001. ED length of stay increased by 35.5 % from 254 to 344 min, p = 0.001. Admission rates increased by 45.3 %, from 15.0 to 21.8 %, p = 0.046. Over the entire study period, 52.0 % of poisoned patients arrived via ambulance, and 3.0 % of patients had been discharged from the hospital within the previous 7 days. Poisoning-related ED visits increased over the 8-year study period; poisonings are resource-intensive visits and require increasingly longer lengths of ED stay or hospital admission.
Introduction
In recent years, the number of poisonings and poisoningrelated deaths in the USA has increased, even surpassing deaths from traffic accidents, drawing more attention to this public health problem. In fact, over the past three decades, there has been a sixfold increase in poisoning-related deaths [1] . There have also been significant increases in drug misuse, abuse, and related morbidity [1] . Although poisoning is the most common cause of attempted self-harm [2] , the majority of poisonings are unintentional [1] . In particular, rates of opioid poisoning and associated mortality have increased in the last three decades, making up approximately 40 % of drugrelated deaths and contributing to the overall healthcare and human costs of these poisonings [1, 3] .
Although the vast majority of patients with poisoning exposures are managed at home or on site, those who require a higher level of care are often initially treated in emergency departments (EDs) [4] . An increase in the number of poisoning-related visits and an increase in the intensity of care associated with such visits could have important implications for ED operations and patient care [5] . ED crowding is a major public health problem, not only in the USA but also around the world [5] [6] [7] [8] . In addition to affecting parameters such as patient and staff satisfaction and ED wait times, crowding also contributes to adverse outcomes such as increased mortality, decreased quality of care, longer lengths of stay, and higher healthcare costs [9] [10] [11] . Increased rates of poisoning and poisoning-related ED visits in the USA may consume valuable healthcare resources and further contribute to ED crowding. This study examines trends in ED resource utilization for poisoning-related visits over time.
Methods Study Design
This study used data from the National Hospital Ambulatory Medical Care Survey (NHAMCS) from 2003 to 2011. NHAMCS is an annual survey, conducted by the National Center for Health Statistics (NCHS) at the Centers for Disease Control and Prevention, that uses a multistage probabilistic sample of hospital-based ED visits in the USA to generate estimates of ED utilization at a national level. NHAMCS includes data on patient-level visit characteristics, such as demographics, payment source, reasons for visit, diagnoses, services provided, and patient disposition, as well as hospitallevel information, including the geographic region, metropolitan status, teaching status, and hospital funding source. As NHAMCS is a deidentified, publicly available data source, this study was determined to be exempt from institutional board review at the George Washington University.
Methods and Measurements
NHAMCS data from 2003 to 2011 were analyzed. We chose these years because all variables of interest were not recorded prior to 2003 and the data is not publically available beyond 2011. NCHS recommends that raw sample sizes exceed 30 cases per subgroup analysis. To ensure sample sizes for each subgroup met this criterion, we combined years into 2-year blocks for most analyses. To assess trends across the study period, we compared the period 2003-2004 with the period 2010-2011. Analyses that did not require subgroups were conducted on a yearby-year basis.
Our sample included all visits for which the patient presented with a reason for visit related to overdose (intentional and unintentional), adverse effects of alcohol or drugs, and exposure to potentially poisonous substances. We also used ICD-9 codes for diagnoses related to overdose. Visits that did not have a poisoning-related reason for visit or diagnosis code were excluded. A complete list of included diagnoses and reasons for visit can be found in the Supplemental Appendix.
To examine trends in poisoning-related visits, we tabulated data across several patient-level categories, including age, gender, race, and payment source. We tabulated the proportion of patients presenting with poisoning-related complaints who arrived via emergency medical services (EMS) over the years [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] . We also tabulated visits by hospital-level variables, including geographic region, location, type, and teaching status. To examine ED service utilization trends, we tabulated the proportions of visits during which patients received imaging, laboratory tests, urine studies, and medications. We investigated whether the patient had a previous ED visit or hospitalization within the past 7 days. To investigate trends in patient dispositions, we also calculated national admission rates for poisoning-related ED visits.
We examined the mean length of stay (LOS) for patients presenting with poisoning-related complaints. Additionally, we calculated the mean LOS for the subgroups of patients admitted vs. those discharged. To assess the total annual hours spent on poisoning-related visits to US EDs, we multiplied the average ED LOS by the number of survey-weighted visits and then compared them to trends in total ED hours for all types of visits. Trends were analyzed using survey-weighted logistic regression, while changes in proportions across the study period were analyzed using survey-weighted chi-squared tests. Differences in survey-weighted means (e.g., mean LOS) were tested using linear combinations of estimators.
All analyses were conducted and reported only where cell sizes met or exceeded NCHS guidelines. p values of <0.05 were considered significant. Analyses were performed using Stata, version 12 (College Station, TX). 
Demographics of Poisoning-Related Visits
There was a decrease in poisoning-related visits for younger (<20 years) patients whereas poisoning-related visits increased the most (230.4 %) in the 50-59-year age group. ED visits decreased among women and increased among men. There were no changes in trends in poisoning-related visits based on race, payer, geographic region, or hospital funding. The majority of poisoning-related visits were managed in the urban setting, and there was a greater increase in those managed in a teaching hospital. Details regarding patient and hospital characteristics and subsequent trends associated with poisoning-related visits are presented in Table 1 .
Trends in Resource Utilization
Use of laboratory studies, EKGs, plain radiographs, and procedures remained stable across the study period. The mean number of total diagnostic tests (laboratory tests, radiology studies) per visit decreased slightly from 5.9 to 4.7 (p = 0.035), whereas the mean number of medications administered or prescribed during each visit increased 27.3 %. The most common procedure performed was blood laboratory studies, which occurred in nearly two thirds of all visits. There was no significant increase in urine studies performed, remaining stable at nearly one third of visits. Computed tomography (CT) use was more than doubled, increasing from 5.2 to 13.7 % of visits, p = 0.001. There was a 55.7 % decrease in visits that received gastrointestinal decontamination by administration of activated charcoal or whole bowel irrigation over the study period. There were inadequate data to determine trends in gastric lavage. A summary of ED resources used for poisoning-related visits and trends over time is presented in Table 2 . The most common medications provided during poisoning-related visits were naloxone (9 %), lorazepam (4.2 %), and normal saline (4.1 %). A full list of the most commonly provided medications is presented in Table 3 . ED LOS increased by 35.5 % from 254 to 344 min, p = 0.001. LOS increased regardless of whether the patient was discharged or admitted (Table 2 ). Whereas total ED hours (for any type of visit) increased by 54.0 % over the study period, ED hours for poisoning-related visits increased to a much greater extent, 179.5 % (Fig. 1) . Admission rates increased by 45.3 %, from 15.0 to 21.8 %, p = 0.046. Intensive care unit admissions remained stable over the study period. From 2003 to 2011, 52.0 % of poisoned patients arrived via ambulance, and 3.0 % of patients had been discharged from the hospital within the previous 7 days; however, sample size was too small to perform trend analysis for these two variables.
Discussion
This study examined trends in resource use for poisoningrelated visits to the ED between 2003 and 2011. Our results are consistent with prior studies that demonstrate that poisoning-related visits are a small, but important demographic of patients evaluated in the ED; however, the proportion of ED visits involving poisoning significantly increased in recent years [12] . While other studies have found that poisoningrelated visits to the ED tend to be common in a bimodal distribution involving pediatric patients and older, middleaged patients, we demonstrate the most dramatic increases in visits from adult patients aged 50-59 years while exposures in pediatric patients had decreased [12] . The decrease in pediatric visits related to poisoning exposures may be attributed, in part, to improve public awareness of the risk of pediatric poisoning, access to poison information services, and improved poison prevention efforts. Regional poison centers are a good example of an effective method to reduce hospital visits and healthcare costs [12] [13] [14] . In addition, the impact of previously enacted legislation mandating child-resistant packaging for hazardous household products and prescription drugs and the more recent labeling changes for pediatric over the counter cough and cold medications are also important methods of prevention that may help explain the fall in pediatric visits [15] [16] [17] .
The increase in poisoning-related visits in adult patients aged 50-59 is likely to also be multifactorial. Polypharmacy has been seen as an increasing issue in multiple countries [18] [19] [20] . As patients age, they tend to gather more diagnoses and worsening of disease natural history, leading to more prescriptions [20] . In addition to adverse drug-drug reactions due to polypharmacy, it makes it increasingly difficult for patients to correctly manage these prescriptions, which may lead to unintentional poisonings. There has also been a rapid rise of opioid prescription rates in all age groups and rates of illicit drug use are higher in this age group as opposed to adults older than 65 years [21] [22] [23] [24] . This may have contributed to the increase in visits for this demographic as some studies have found the majority of unintentional ingestions involve analgesics, particularly opioids [25, 26] . In addition, prescription of high-risk medications such as benzodiazepines has also increased [27] . There was also a large decrease in the use of gastrointestinal decontamination using activated charcoal and whole bowel irrigation, following the trend of gastric lavage for poisoning patients in the USA [28] . This finding is consistent with current recommendations that single-dose activated charcoal could not be routinely administered for most poisonings, but reserved for patients with early presentations who have ingested a substance that is potentially bound by activated charcoal in an amount that is anticipated to be toxic [29] . ED providers may have incorporated these recommendations into their practice, or it may also be that opioid ingestions, which comprise many unintentional ingestions, have an antidote (naloxone). In addition, patients with opioid and other poisonings may have significantly depressed mentation, and thus may obviate the administration of oral activated charcoal without placement of a nasogastric tube or securing the airway by endotracheal intubation.
Our study found that patients with poisoning-related visits consume an increasing amount of ED resources as it pertains to length of stay and CT imaging. Increased numbers of patients require more provider time and physical space in the ED. Although the mean number of overall diagnostic tests decreased, patients still received an average of over four tests. This decrease in testing may be due to an increasing recognition of the limited utility of tests that were commonly ordered such as ethanol levels and urine toxicology screens. In addition, nearly two thirds of visits received labs and patients often received medications. Interventions such as specimen collection and medication preparation and administration consume nursing and pharmacy resources. In addition, a large proportion of patients also received radiology studies, potentially to assess for adverse impact related to the poisoning itself, or the events surrounding the poisoning (e.g., trauma). The time required for multiple diagnostic studies may contribute to longer lengths of stay and potentially worsen ED crowding [6] [7] [8] . In addition, high rates of ambulance transport among poisoned patients, although often appropriate, may place additional stress on an already overwhelmed emergency medical services (EMS) system [30] .
The increase in the total number of ED hours alone does not completely account for the substantial rise in the number of ED hours for poisoning-related visits. It is more likely that a combination of multiple factors have contributed to this rise in poisoning ED hours. In addition to an increasing proportion of poisoned patients, it may also signify higher acuity in the population presenting with poisoning. Patients under the influence of many common toxicants such as ethanol, opioids, or extended-release preps may require prolonged periods of observation until the patient is deemed stable for discharge. Higher rates of overall ED crowding for all visit types might contribute to increased length of stay for poisoned patients. Our findings also demonstrated a significant increase in inpatient admissions, which further supports these patients have higher acuity presentations and require more extensive observation. Higher admission rates for poisoned patients may further worsen crowding, particularly when there are high rates of ED boarding. ICU admission rates remained stable, which could be a reflection of the fact that ICU space is more limited and patients may often be downgraded to the floor from the ED because there are long waits for ICU beds in many institutions; however, this information is not available in the NHAMCS survey.
It may also be that increased utilization of studies such as CT imaging may lengthen that ED LOS as well, particularly when CT use for other indications has also increased substantially, increasing the time it takes to obtain the study [31] . CT imaging in poisoned patients have a lower likelihood of [34] . These CTs not only increase ED LOS but also increase healthcare costs and expose patients to significant amounts of radiation [35] . The increase in the magnitude of ED visits as well as trend toward of CT utilization may have far-reaching effects on ED length of stay and overcrowding, ultimately leading to adverse patient outcomes and increased healthcare costs [6] [7] [8] .
The fact that 3 % of patients involved in poisoning-related visits had been discharged from the hospital within the previous 7 days may represent an area of potential intervention. Although the reason for the previous visit is not collected in the NHAMCS survey, these repeat visits may be due to overdose or adverse effects of discharge medications or continued misuse or abuse of previous medications or illicit drugs. One study demonstrated that patients who were treated for an opioid overdose were also very likely to be continued on opioids after their discharge. Additionally, these patients were also at higher risk of repeat overdose compared to those whose opioids were discontinued [36] . As such, overdose visits may serve as an opportunity to change current drug therapy as well as to identify and refer individuals who may require substance abuse treatment.
Limitations
The main limitations of this study reflect the use of survey administrative data for this type of analysis [37, 38] . Although the multistage sampling of the NHAMCS database is designed to make the sample representative, these estimates may contain minor inaccuracies and sampling bias; however, the consistency and rigor of the NHAMCS methodology should protect against major inaccuracies [38] . NHAMCS is a national-level database that includes information pertaining to visits, not specific patients. As such, it is not possible to review individual patient charts for further detail. The reasons for visit and ICD-9 codes included did not uniformly specify individual agents involved in the poisoning, nor whether the poisoning was intentional or unintentional. There was not adequate sample size to make reliable estimates about trends in specific agents involved, such as opioid analgesics. In addition, we were unable to determine the specific type of diagnostic tests ordered. There was not adequate sample size to determine trends in individual procedures and which procedures were included in the survey varied between years. NHAMCS data are not yet publically available beyond 2011; as such, trends may not be the same with more recent data. Finally, there are limited data comparing the resources used for poisoning-related visits compare to other visit types. A direct comparison would be difficult due to the heterogeneity of toxic exposures.
Conclusion
Poisoning-related ED visits increased significantly over the 8-year study period; poisonings can be resource-intensive visits that increasingly rely on advanced imaging and require increasingly longer lengths of ED stay or hospital admission.
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